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Treatment with Immunoregulatorv T cells 

TECHNICAL FIELD 

This invention relates to compositions and methods for administering certain cells to 
patients, and more particularly to administration of immunoregulatory T cells expressing 
inducible costimulatory molecule (ICOS). 

BACKGROUND 

Immunotherapy is based on the idea that the body's own natural defenses can be used 
to fight disease; many immunotherapies stimulate the immune system either locally or 
systemically. Such therapies have been proposed for the treatment of autoimmune diseases. 

Graft Versus Host Disease (GVHD) is an autoimmune disease that occurs when 
immunologically competent cells are introduced into an immunoincompetent host, and it 
occurs frequently in recipients of solid organ transplants. A variety of treatments are 
available for GVHD, which are effective to varying degrees. The most common treatment 
involves administration of corticosteroids. However, some patients experience a steroid- 
refractory GVHD and show little or no improvement in response to this type of treatment. 
Extracorporeal photophoresis (ECP) is a therapeutic intervention that has demonstrated 
efficacy in patients with steroid-refractory acute and chronic GVHD. 

SUMMARY 

In accordance with our interest in providing more effective treatments for individuals 
suffering from autoimmune disorders, we set out to understand the effects of certain known 
therapies on the immune system. We discovered that certain populations of 
immunoregulatory T cells shift upon treatment with extracorporeal photochemotherapy 
(ECP). For example, we discovered that the number of ICOS +, CD4 \T cells that also express 
CD25 antigen was increased in some GVHD patients, and patients who exhibited this 
increase were more likely to benefit from continued ECP treatment than patients whose 
ICOS + CD4 + T cells did not exhibit an increase in CD25 presentation. Accordingly, the 
present invention features compositions {e.g., physiologically acceptable compositions that 
contain ICOS + CD4 + T cells that also express CD25 antigen) and methods (e.g., methods of 
administering the* cell-containing compositions) for treating patients (e.g., human patients) 
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who have, or who are at risk for developing, an autoimmune disease such as GVHD. The 
methods can be carried out, for example, by identifying an individual (e.g., a human patient) 
who has been diagnosed as having an autoimmune disease and administering, to that 
individual, ICOS + CD25 + (and/or ICOS* CD25 + CD4 + ) cells. The cells can be maintained in 
or obtained from cell culture or they can be harvested from a variety of sources (including the 
patient, a relative of the patient, or an unrelated donor). While the methods of administration 
are described further below, we note here that, in the present methods, cells can be 
administered in the same manner that any cells used in cell-based therapies are presently 
administered to a patient. Generally, the number of cells and frequency with which they are 
administered (whether once or on multiple occasions) will be sufficient to improve the 
patient's prognosis (moreover, based on that prognosis, a patient and his or her physician can 
better determine whether a course of therapy (e.g., ECP) should be continued or replaced by, 
or supplemented by, another therapy). The aim of the cellular administration is to enhance 
the patient's immune response and effectively enable the patient to fight the autoimmune 
disease. Evidence of improvement may come in the form of improvement of an objective 
sign of the disease or the patient's subjective report of an improvement (e.g., alleviated 
symptoms). 

Alternatively, or in addition, a patient diagnosed as having, or considered to be at risk 
for developing, an autoimmune disease can be treated with a ligand of ICOS. These ligands 
are known in the art and include a B7H2 polypeptide (fragments of the ligand that retain the 
ability of the ligand to bind ICOS can also be used). These ligands can be administered to a 
patient directly (e.g., formulated in an injectable, physiologically acceptable carrier) or 
indirectly (e.g., one can administer a nucleic acid sequence that encodes the ligand; for 
example, a sequence contained within an expression vector). Alternatively, or in addition, 
the patient can be treated with a cell that expresses a ligand of ICOS. While the methods of 
the invention may not be not be carried out, on a cellular level, in the way we suspect, our 
current theory is that ICOS ligands stimulate production of ICOS-expressing T cells (thus 
scewing the population of ICOS expressing cells to populations of ICOS* CD25 + cells or 
ICOS* CD25 + CD4* cells and increasing the likelihood that the patient will responding 
positively to ECP therapy). 
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The methods described herein can be suitably carried out in patients who are 
diagnosed as having an autoimmune disease, such as GVHD (e.g., acute or chronic GVHD 
(aGVHD or cGVHD, respectively), or a steroid-refractory GVHD). Patients with other 
autoimmune diseases can be treated as well For example, a patient can be diagnosed as 
having, or of being at risk for developing: (1) a rheumatic disease such as rheumatoid 
arthritis, systemic lupus erythematosus, Sjogren's syndrome, scleroderma, mixed connective 
tissue disease, dermatomyositis, polymyositis, Reiter's syndrome or Behcet's disease; 
(2) type I (insulin dependent) or type II diabetes mellitus; (3) an autoimmune disease of the 
thyroid, such as Hashimoto's thyroiditis or Graves' Disease; (4) an autoimmune disease of the 
central nervous system, such as multiple sclerosis, myasthenia gravis, or encephalomyelitis; 
(5) a variety of phemphigus, such as phemphigus vulgaris, phemphigus vegetans, 
phemphigus foliaceus, Senear-Usher syndrome, or Brazilian phemphigus; (6) psoriasis (e.g., 
psoriasis vulgaris) or atopic dermatitis; (7) inflammatory bowel disease (e.g., ulcerative 
colitis or Crohn's Disease); or (8) a disorder resulting from an organ, tissue, or cell transplant 
(e.g., a bone marrow transplant), such as acute or chronic GVHD (as stated above), or 
Aplastic Anaemia. The T reg s described herein can be used to treat other autoimmune 
disorders including, but not limited to, endogenous uveitis, nephrotic syndrome, primary 
biliary cirrhosis, lichen planus, pyoderma gangrenosum, alopecia areata, a Bullous disorder, 
chronic viral active hepatitis, autoimmune chronic active hepatitis, and acquired immune 
deficiency syndrome (AIDS). In addition, patients who have received a vascular injury 
would benefit from the methods described herein. We have noted that individuals who are at 
risk of developing an autoimmune disease are also candidates; these individuals include 
transplant recipients (i.e., any patient who is scheduled to receive a whole organ, a tissue or a 
population of cells (e.g., stem cells)). 

Any of the methods described above (or herein) can include an additional step in 
which the patient is monitored in order to determine whether the treatment has had an effect 
(whether desirable or undesirable) on their condition or whether the symptoms of their 
disorder have improved. 

Any of the methods described above (or herein) can be carried out in conjunction 
with another therapy, such as an ECP therapy or one involving administration of an 
immunosuppressive agent (e.g., a drug such as cyclosporin). In addition, the patient can 
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receive one or more agents to combat related or secondary infections (e.g., an antibiotic 
antifungal, or antiviral agent) or to relieve pain or inflammation (e.g., aspirin or a non-aspirin 
pain reliever). 

As noted above, the methods of the invention have prognostic as well as therapeutic 
value. For example, one can determine whether a patient is likely to benefit from ECP 
therapy by determining whether the treatment is effecting the patient's T cell population. For 
example, one can determine whether there are any changes in the levels T cell 
subpopulations, including the subpopulations of CD25 + ICOS+, CD4 + ICOS + , and/or CD25 + 
CD4 + ICOS* cells. If the patient experiences an increase in any of these cell populations 
following the initial ECP therapy, then the patient is likely to have a positive response to 
further ECP therapy. If the patient does not demonstrate an increase in any one of the CD25 + 
ICOS + , CD4 + ICOS + , or CD25 + CD4 + ICOS + cell populations following the initial ECP 
therapy, then it is not likely that the patient will benefit from additional ECP treatments. At 
that point, alternative treatments may be pursued. An initial ECP therapy can be, for 
example, 1, 2, or 3 ECP treatments, or the minimal number of ECP treatments typically 
required to elicit a T cell response. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention, useful methods and materials are 
described below. The materials, methods, and example are illustrative only and are not 
intended to be limiting. Other features and advantages of the invention will be apparent from 
the description and the claims. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a description of the human B7-like protein B7-H2, which can be used as 
an ICOS ligand; the nucleotide and amino acid sequences are shown. 

DETAILED DESCRIPTION 

The present invention provides methods and compositions for treating a human 
diagnosed as having, or at risk for developing, an autoimmune disease. One exemplary 
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method includes treating a human, such as a human patient, with a therapeutic composition 
that includes immunoregulatory T cells (T rcgs ), and particularly T regs that express the CD25, 
CD4, and/or ICOS antigens. The therapeutic T cells can be CD25 + ICOS + , CD4 + ICOS + , 
and/or CD25 + CD4 + ICOS + , and they can be provided by a donor (who may be the patient, a 
genetic releative of the patient, or an unknown individual). A donor of the T rc gs described 
herein can be previously known or can have been determined to have a high ratio of CD25 + 
ICOS + , CD4 + ICOS + , and/or CD25 + CD4 + ICOS + cells, or the donor can be induced to 
express the cells, such as by administration of one or more extracorporeal 
photochemotherapy (ECP) treatments. 

ECP is a immunomodulatory technique based on pheresis of light-sensitive cells. 
Typically, an ECP therapy includes leukapheresis to isolate leukocytes from a patient. The 
leukocytes are exposed to a photosensitizing agent, such as psoralen (e.g., 8- 
methoxypsoralen (8-MOP)), and then the leukocytes are exposed to ultraviolet-A (UVA) 
light. The irradiated leukocytes are then returned to the patient. ECP therapy has been found 
to be an effective treatment for many autoimmune diseases, including GVHD. 

Indications Exemplary recipients of the therapeutic methods and compositions 
described herein are subjects who are diagnosed as having an autoimmune disease (specific 
diseases are listed above) or who are at risk for developing such disease. For example, a 
human who has received, or who is scheduled to receive, a tissue graft, organ transplant, 
blood transfusion, hematopoietic stem cell transplant (HSCT), or the like is at risk for 
developing GVHD (e.g., acute or chronic GVHD, or steroid-refractory GVHD), and is a 
candidate recipient of the therapeutic methods and compositions described herein. 

GVHD occurs when immunologically competent cells are introduced into an 
immunoincompetent host. GVHD refers to both the immunologic assault and the 
consequences to the organism. Acute GVHD (aGVHD) occurs within the first 100 days of a 
transplant and consists of the triad of dermatitis, enteritis, and hepatitis. Chronic GVHD 
(cGVHD) develops after day 100 and consists of an autoimmune syndrome directed toward 
multiple organs. Steroid-refractory GVHD refers to GVHD that shows little or no 
improvement in response to treatment with corticosteroids, the most common treatment for 
the disease. 
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Humans diagnosed or at risk for developing other autoimmune disorders can also 
receive the described therapeutic regimens. For example, subjects diagnosed with or at risk 
for developing a non-Hodgkin's lymphoma, such as cutaneous T-cell lymphoma (CTCL) 
(e.g., SSzary syndrome); progressive systemic sclerosis (scleroderma); an autoimmune 
bullous (blistering) disease, such as pemphigus vulgaris, pemphigus foliaceus, or bullous 
pemphigoid; systemic lupus erythematosus; multiple sclerosis; psoriatic arthritis or psoriasis 
vulgaris; rheumatoid arthritis; type I diabetes; atopic dermatitis; juvenile dermatomyositis; or 
scleromyxedema are candidates for the described therapies. 

Generation of Immunoregulatory T cells Immunoregulatory T cell production can 
be stimulated in a human, for example, by ECP therapy. ECP is more typically used as a 
therapeutic intervention that has demonstrated efficacy in patients with steroid-refractory 
acute and chronic GVHD. Clinical response in patients with extensive, refractory cGVHD 
has been associated with normalization of skewed CD4/CD8 ratios and a shift in dendritic 
cell populations, favoring a DC2/Th2 cytokine profile. 

Without being bound by theory, administration of an ECP therapy to a human, either 
a human having an autoimmune disease, such as GVHD, or a healthy human (a human who 
does not suffer from an autoimmune disease) can increase the levels (and ratios) of CD4 + 
T cells. Further, administration of ECP can increase the amount of ICOS + CD4* cells and/or 
ICOS + CD4* CD25 + cells, and can increase the ratio of ICOS + CD25 + / ICOS- CD25* cells in 
a human. The increase in the levels of these T cell populations can decrease the symptoms 
caused by an autoimmune disease. Thus administration of ICOS* CD25*, ICOS* CD4 + , 
and/or ICOS + CD25* CD4* to a human suffering from an autoimmune disease or at risk for 
developing an autoimmune disease can be an effective therapy against the disease. 

The ICOS + CD25*, ICOS* CD4 + , and ICOS + CD25* CD4* cells can be isolated from 
a donor person determined to have high levels of these cell types. The levels of these cell 
types can be determined by a variety of immunocytochemistry methods known in the art, 
including but not limited to the ELISA and EliSpot assays (Czerzinsky et al, J. Immunol 
Meth. 65:109, 1983). Expression of these cell types in a donor subject can be induced by 
treatment with ECP. For example, a donor person can be any human known or unknown to 
the intended recipient. The donor can be a relative of the intended recipient, or the donor can 
be the recipient himself (or herself). For example, ICOS* CD25 + , ICOS* CD4*, and ICOS* 
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CD25 + CD4 + cells can be isolated from an intended recipient and stored for later use. For 
example, the cells can be harvested from the recipient before he/she receives a tissue graft or 
organ transplant. 

Alternatively or in addition to harvesting T rcgs from a donor, the immunotherapeutic 
cells can be expanded, such as in culture, before their administration to a patient, or tissue or 
organ. To expand the number of cells, the culture medium can contain necessary nutrients 
and components known in the art to be necessary for division of cells expressing ICOS, 
CD25, and CD4. It is not necessary that the medium contain components that selectively 
encourage the division of any of the described preferred cell types (e.g., ICOS + CD25 + , 
ICOS + CD4 + , or ICOS* CD25 + CD4 + cells). The medium can include, for example, dendritic 
cells (DC) (with or without antigen), cytokines (e.g., EL-2), or an ICOS ligand, such as B7H2. 
The cells can be monitored for expression of ICOS, and the CD4 and CD25 antigens, and the 
desired cell types can be harvested by methods known in the art. 

The cells can be isolated from a donor for immediate use for treatment purposes, or 
the cells can be stored for later use. The storage methods and practices appropriate for 
maintaining cell viability and/or biological activity are known in the art. As used herein, 
biological activity refers to the in vivo activities of immune cells or physiological responses 
that result upon in vivo administration of a cell, composition or other mixture. Biological 
activity therefore encompasses therapeutic effects and pharmaceutical activities of such cells, 
compositions and mixtures. 

An ICOS Ligand to Treat an Autoimmune Disease The invention disclosed herein 
also includes a method of treating a human diagnosed as having or at risk for developing an 
autoimmune disease with a ligand of ICOS, such as a B7H2 polypeptide, or polypeptide 
fragment (Figure 1). The protein can be administered directly, or by means of a nucleic acid 
vector, such as by gene therapy. A nucleic acid vector, for example, can encode and express 
the ICOS ligand, and so elicit a therapeutic effect. 

While not being bound by theory, administration of an ICOS ligand to a subject can 
stimulate the production of ICOS + T cells, including the populations described herein (e.g., 
ICOS + CD25 + , ICOS + CD4 + , and ICOS* CD25 + CD4 + cells), and thereby effectively treating 
the subject by increasing levels of immunotherapeutic T cells. 
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Predictive Medicine Also provided are methods of assessing a patient for an 
appropriate treatment of an autoimmune disease. One such method includes administering 
an ECP therapy to a patient, such as a GVHD patient, and examining the effects of the 
treatment on levels of CD25 + ICOS + , CD4 + ICOS + , and/or CD25 + CD4 + ICOS* cells. If the 
patient demonstrates an increase in any of these cell populations following the initial ECP 
therapy, then the patient is determined to be likely to have a positive response to further ECP 
therapy. If the patient does not demonstrate an increase in any one of the CD25 + ICOS + , 
CD4 + ICOS+, or CD25 + CD4 + ICOS* cell populations following the initial ECP therapy, then 
it is determined that the patient is not likely to benefit from additional ECP treatments, and 
alternative treatments may be pursued. An initial ECP therapy can be, for example, 1, 2, or 3 
ECP treatments, or the minimal number of ECP treatments required to elicit a T cell response 
in patients who will elicit a response. 

Formulations and Routes of Administration The therapeutic compositions described 
herein (e.g., those containing the specified T reg s or compositions that induce ICOS expression 
or that bind ICOS) can be administered in a variety of formulations. For example, the 
immunoregulatory T cells can be administered at various degrees of purity. The ICOS + 
CD25 + , ICOS* CD4 + , and ICOS + CD25* CD4 + cells can be administered together as a 
heterogeneous mix, and other cell types can be present in the mix. 

Methods for purification of the immune cells to produce substantially pure 
populations (e.g., substantially pure populations of each or combinations of ICOS + CD25 + , 
ICOS + CD4 + , ICOS + CD25 + CD4 + cell populations) are known to those of skill in the art. A 
substantially pure cell population, may, however, be a mixture of subtypes; purity refers to 
the activity profile of the population. In such instances, further purification might increase 
the specific activity of the cell population. 

Administration of the therapies described herein can be performed by a variety of 
methods known in the art. For example, the administration of the immunoregulatory T cells 
can be by the general method of cell therapy, which includes the administration of live cells. 
The immunoregulatory T cells can be administered by any suitable means, including, but not 
limited to, intravenously, parenterally, or locally. The particular mode selected will depend 
upon the particular treatment and trafficking of the cells. Typically, about 10 ,0 -10 n cells can 
be administered in a volume of a 50 ml to 1 liter, 50 ml to 250 ml, 50 ml to 150, and typically 
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100 ml. The volume will depend upon the targeted disorder and the route of administration. 
The cells can be administered in a single dose or in several doses over selected time intervals 
in order to titrate the dose. 

A human who is administered therapeutic immunoregulatory T cells, can also receive 
at least a second therapeutic regimen, such as an ECP therapy, or an immunosuppressive 
drug. Immunosuppressant drugs include corticosteroids (e.g., glucocorticoids such as 
methylprednisolone), cyclosporine, FK506, mycophenolate mofetil (MMF), and 
antithymocyte globulin (ATG). The use of high-dose corticosteroids can increase the risk of 
opportunistic infections, and thus concomitant prophylactic antibiotic, antiviral, and 
antifungal therapy can also be administered. 

A transplant tissue or organ can be treated with any of the therapeutic compositions 
described herein before delivery to a recipient. For example, the therapeutic T re gs (e.g., the 
ICOS + CD25 + , ICOS + CD4 + , or ICOS + CD25 + CD4 + cells, or a combination of the three cell 
types) can be administered to the tissue or organ. Administration can be by any suitable 
method known in the art, such as by bathing the tissue or organ in a solution containing the 
cells or by injecting the cells into the tissue or organ. 

Following administration of a therapeutic composition described herein, the patient 
can be monitored for an improvement in the symptoms or the severity of the autoimmune 
disorder, or for the development of an autoimmune disorder, such as in the time period 
following an organ transplant. 

The invention is further illustrated by the following example, which should not be 
construed as further limiting. The contents of all references, pending patent applications and 
published patents, cited throughout this application are hereby expressly incorporated by 
reference. In case of conflict, the present specification, including definitions, will control. 

EXAMPLE 

Clinical response to ECP in patients with extensive, refractory GVHD was associated 
with normalization of skewed CD4/CD8 ratios and a shift in dendritic cell (DC) populations, 
favoring a DC2/T helper 2 (Th2) cytokine profile. ICOS is a member of the B7-CD28 
superfamily, is expressed by activated T-lymphocytes, and is involved in T cell activation, 
IL-10 production and Thl/Th2 differentiation. In murine models, anti-ICOS antibodies have 
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been shown to have opposing effects, attenuating the manifestations of chronic Graft versus 
Host Disease (cGVHD) and exacerbating the symptoms of acute GVHD (aGVHD). 

ECP Therapy Increased ICOS* CD4* CD25* Tcell Populations and Correlated with 
Effective Treatment of GVHD with ECP Twelve patients undergoing ECP treatment for 
cGVHD were examined for ICOS expression on various T cell populations, including CD4, 
CD8, CD25, and CD69 positive populations. All patients received ECP therapy for two 
consecutive days every other week or weekly. Peripheral blood mononuclear cells were 
examined at baseline and after 2-3 months of ECP therapy for expression of ICOS on CD4 + 
and CD8 + T-cells. At least a 2-fold increase in the number of ICOS* CD4 + T-cells that co- 
expressed CD25 was observed in seven patients, and these seven patients each also had a 
positive response to ECP. Generally, more ECP treatments generated more CD25 + ICOS + 
cells and clinical response was associated with an increase in the number of CD4 + ICOS + 
cells and an increase in the ratio of CD25+ ICOS + cells to CD25 + ICOS' cells. Of four 
patients in whom the ratio of CD25 + ICOS + cells to CD25 + ICOS' cells decreased, or was 
unchanged, none responded to ECP. 

OTHER EMBODIMENTS 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 
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WHAT IS CLAIMED IS: 

1. A method of treating a patient diagnosed as having, or at risk for developing, an 
autoimmune disease, the method comprising: 

(i) providing CD25 + ICOS + cells from a donor, and 

(ii) administering the cells to the patient in an amount and for a time sufficient to 
improve a sign or symptom of the autoimmune disease in the patient. 

2. The method of claim 1, wherein some or all of the CD25 + ICOS + cells are also CD4 + . 

3. The method of claim 1, wherein the patient is diagnosed as having, or is at risk for 
developing, graft versus host disease (GVHD). 

4. The method of claim 3, wherein the GVHD is acute GVHD. 

5. The method of claim 3, wherein the GVHD is chronic GVHD. 

6. The method of claim 3, wherein the GVHD is a steroid-refractory GVHD. 

7. The method of claim 1, wherein the patient receives an ECP therapy prior to step (i). 

8. The method of claim 1, wherein the patient has received, or is scheduled to receive, a 
transplant. 

9. The method of claim 1, wherein the patient is further administered a second therapeutic 
regimen. 

10. The method of claim 9, wherein the second therapeutic regimen comprises an ECP 
therapy. 

11. The method of claim 9, wherein the second therapeutic regimen comprises an 
immunosuppressive drug. 
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12. The method of claim 1, further comprising monitoring the patient for an indication that a 
sign or symptom associated with the autoimmune disorder has been alleviated. 

13. A composition comprising CD25 + ICOS + cells provided from a donor, wherein the donor 
received an ECP therapy prior to providing the CD25 + ICOS + cells. 

15. A method of treating a patient diagnosed as having, or at risk for developing, an 
autoimmune disorder, the method comprising administering to the patient a population of 
cells expressing an ICOS ligand to the human. 

16. The method of claim 15, wherein the ICOS ligand is a B7H2 polypeptide. 

17. A method of increasing ICOS + T cell levels in a mammal, the method comprising 
administering an ICOS ligand to the mammal. 

18. The method of claim 17, wherein the ICOS ligand is a B7H2 polypeptide. 

19. The method of claim 17, wherein the mammal is a human. 

20. A method of treating a patient diagnosed as having, or at risk for developing, an 
autoimmune disorder, the method comprising: 

(i) providing CD4 + ICOS + cells from a donor, and 

(ii) administering the isolated cells to the patient. 

21. A method of assessing a patient for an appropriate treatment of an autoimmune disorder, 
the method comprising: 

(i) administering an ECP therapy to the patient; 

(ii) determining that (A) if the patient demonstrates an increase in ICOS* CD25 + cells 
following the ECP therapy, then the patient is likely to have a positive response to further 
ECP therapy; and (B) if the patient does not demonstrate an increase in ICOS + CD25 + 
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cells following the ECP therapy, then further ECP treatments are not likely to reduce the 
symptoms of the autoimmune disorder, thereby assessing the patient for an appropriate 
therapy. 

22. A pharmaceutical^ acceptable or physiologically compatible composition comprising 
ICOS+ CD25 + T cells and/or ICOS + CD25 + CD4 + T cells. 
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ABSTRACT 

Methods and compositions are provided for the treatment of an autoimmune disease. 
The methods include administering immunoregulatory T cells (T regs ) to patients. The 
therapeutic T,^ can express the CD25, CD4, and/or ICOS antigens. The therapeutic T cells 
5 can be CD25 + ICOS + , CD4 + ICOS + , and/or CD25 + CD4 + ICOS + , and they can be provided by 
a donor. 
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□ 1: NM 015259 . Homo sapiens B7-l...[gi:27477038] 



Links 



LOCUS NM_015259 1572 bp mRNA linear PRI 05-OCT-2003 

DEFINITION Homo sapiens B7-like protein (B7H2), mRNA. 

ACCESSION NM_015259 

VERSION NM_015259.1 GI: 27477038 

KEYWORDS 

SOURCE Homo sapiens (human) 

ORGANISM Homo sapiens 

Eukaryota; Metazoa; Chorda ta; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 (bases 1 to 1572) 

AUTHORS Chen,X.L., Cao,X.D., Kang,A.J., Wang,K.M., Su,B.S. and Wang, Y.L. 
TITLE In situ expression and significance of B7 costimulatory molecules 

within tissues of human gastric carcinoma 
JOURNAL World J. Gastroenterol. 9 (6), 1370-1373 (2003) 
MEDLINE 22685067 
PUBMED 12800259 

REMARK GeneRIF: ICOS-B7H costimulatory pathway may be involved in the 
negative regulation of cell-mediated immune responses. 
REFERENCE 2 (bases 1 to 1572) 

AUTHORS Kurosawa, S., Myers, A. C*, Chen,L., Wang,S., Ni,J., Plitt,J.R., 
Heller ,N.M., Bochner,B.S. and Schleimer, R. P . 

TITLE Expression of the costimulatory molecule B7-H2 (inducible 
costimulator ligand) by human airway epithelial cells 

JOURNAL Am. J. Respir. Cell Mol. Biol. 28 (5), 563-573 (2003) 

MEDLINE 22591932 
PUBMED 12707012 

REMARK GeneRIF: These results demonstrate that airway epithelial cells 
express the costimulatory molecule B7-H2, and suggest the 
possibility that B7-H2 may participate in antigen presentation by 
epithelial cells. 
REFERENCE 3 (bases 1 to 1572) 

AUTHORS Akbari,0., Freeman, G.J. , Meyer, E.H., Greenfield, E . A. , Chang, T.T., 
Sharpe,A.H., Berry, G., DeKruyf f ,R.H. and Umetsu,D.T. 

TITLE Antigen-specific regulatory T cells develop via the 

ICOS-ICOS-ligand pathway and inhibit allergen-induced airway 
hyperr eac t i vi ty 

JOURNAL Nat. Med. 8 (9), 1024-1032 (2002) 

MEDLINE 22194852 
PUBMED 12145647 
REFERENCE 4 (bases 1 to 1572) 

AUTHORS Flesch,I.E. 

TITLE Inducible costimulator- ligand (ICOS-L) 
JOURNAL J. Biol. Regul . Homeost. Agents 16 (3), 217-219 (2002) 
MEDLINE 22343420 
PUBMED 12456022 

REMARK GeneRIF: ICOS-L is a ligand for ICOS and plays an important 

functional role in the activation of memory T cells by endothelial 
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MEDLINE 
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TITLE 

JOURNAL 
MEDLINE 
PUBMED 
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TITLE 

JOURNAL 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 



TITLE 

JOURNAL 
MEDLINE 
PUBMED 
COMMENT 

FEATURES 

source 



cells [review] 

5 (bases 1 to 1572) 

Khayyamian,S. , Hutloff,A., Buchner,K., Grafe,M., Henn,V., 
Kroczek,R.A. and Mages, H.W. 

ICOS-ligand, expressed on human endothelial cells, costimulates Thl 

and Th2 cytokine secretion by memory CD4+ T cells 

Proc. Natl. Acad. Sci. U.S.A. 99 (9), 6198-6203 (2002) 

21980676 

11983910 

6 (bases 1 to 1572) 
Sperling, A. I . and Blues tone, J. A. 

ICOS costimulation: It's not just for TH2 cells anymore 

Nat. Immunol. 2 (7), 573-574 (2001) 

21322735 

11429535 

7 (bases 1 to 1572) 

Wang,S., Zhu,G., Chapoval,A.I. , Dong,H., Tamada,K., Ni,J. and 
Chen,L. 

Costimulation of T cells by B7-H2, a B7-like molecule that binds 
ICOS 

(8) , 2808-2813 (2000) 



Blood 96 
20477846 
11023515 

8 (bases 1 to 1572) 
Yoshinaga , S . K . , Zhang , M . 

Sonnenberg,M. , 
Kohno , T . 



gene 



CDS 



, Pistillo,J., Horan,T., Khare,S.D., 
Boone, T., Brankow,D. , Dai,T., Delaney,J. 
, Manoukian,R. , Whoriskey, J.S. and 



Miner, K. 
Han,H., Hui , A. , 
Coccia,M.A. 

Characterization of a new human B7-related protein: B7RP-1 is the 

ligand to the co-stimulatory protein ICOS 

Int. Immunol. 12 (10), 1439-1447 (2000) 

20465019 

11007762 

9 (bases 1 to 1572) 

Ling, V., Wu,P.W., Finnerty,H.F. , Bean,K.M., Spaulding, V. , 
Fouser,L.A., Leonard, J. P. , Hunter, S.E., Zollner,R., Thomas, J. L., 
Miyashiro, J. S. , Jacobs, K. A. and Collins,M. 

Cutting edge: identification of GL50, a novel B7-like protein that 

functionally binds to ICOS receptor 

J. Immunol. 164 (4), 1653-1657 (2000) 

20126021 

10657606 

PROVISIONAL REFSEQ : This record has not yet been subject to final 
NCBI review. The reference sequence was derived from AF289028.1 . 
Location/Qualifiers 
1. .1572 

/organism= a Homo sapiens 0 
/mol_type= "mRNA" 
/ db_xr ef = ° taxon : 9 6 0 6 " 
/chromosome= " 2 1 n 
/map= B 21q22.3° 
1. .1572 
/gene="B7H2 n 

/note= n synonyms: GL50, B7-H2, B7RP1, ICOSL, LICOS, B7RP-1, 
KIAA0653' 

/db_xref="GeneID: 23308° 
/db_xref = "Locus ID : 23308 ° 
/db_xref=°MIM: 605717 ° 
125. .1033 
/gene=°B7H2° 
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misc feature 



variation 



variation 



variation 



/note="go_component : integral to membrane [goid 0016021] 
[evidence NASI [pmid 12145647]; 

go_function: defense/ immunity protein activity Igoid 
00037-93] [evidence NAS] [pmid 12145647]; 
go_f unction: receptor binding [goid 0005102] [evidence 
TAS] [pmid 11429535] ; 

go_process: immune response [goid 0006955] [evidence IEA) ; 
go_process: signal transduction [goid 0007165] [evidence 
NAS] [pmid 12145647]; 

go_process: T-cell activation [goid 0042110] [evidence 
NAS] [pmid 11983910]; 

go_process: B-cell activation [goid 0042113] [evidence 
IEA] ; • 
go_process: positive regulation of activated T-cell 
proliferation [goid 0042104] [evidence TAS] [pmid 
11429535] 0 
/codon_start=l 

/products transmembrane protein B7-H2 ICOS ligand" 

/protein ,id=" NP_J)56074 . 1 ° 

/db_xref=°GI: 27477039" 

/db_xref="GeneID: 23308° 

/db_xref = n LocusID : 23308 n 

/db,_xref= p MIM: 605717 ° 

/ trans lation=°MRLGSPGLLFLIjFSSLRADTQEKEVRAMVGSDVELSCACPEGSR 
FDLNDVYVYWC^SESKTVWYHIPQNSSLENVDSRYRNRALMSPAGMLRGDFSL 
VTPQDEQKFHCLVLSQSLGFQEVLSVEVTLHVAANF SVPWS APHS PSQDELTFTCTS 
INGYPRPNVYWINKTDNSLLDQALQNDTVFLNMRGLYDVVSVLRI ARTPSVNIGCC I E 
NVLLQQ^TVGSQTGNDIGERDKITENPVSTGEKNAATWSILAVLCLLVWAVAIGWV 
CRDRCLQHS YAGAWAVS PETELTGHV n 
218. .469 
/gene="B7H2 n 

/note= n IGv; Region: Immunoglobulin V-Type n 

/db_xref = n CDD ; smart00406 ■ 

785 " ^ 

/gene= B B7H2° 

/allele= n T tt 

/allele= n C° 

/db_xref= ° dbSNP: 1062857 ° 
811 

/gene= n B7H2° 

/allele= n T° 

/allele="C° 

/ db_xre f = n dbSNP : 1139814 ■ 
complement ( 1462 ) 
/allele^G" 
/allele=°C" 

/db_xref = ■ dbSNP : 3804033 » 



ORIGIN 



1 gagtagagcc 
61 gttctccgcg 
121 caeca tgcgg 
181 tactcaggag 
241 ccctgaagga 
301 gaaaaccgtg 
361 ctaccggaac 
421 cttgttcaac 
481 cctgggattc 
541 cgtgcccgtc 
601 atccataaac 
661 gctggaccag 



gatctcccgc 
ccccgaggtc 
ctgggcagtc 
aaggaagtca 
agccgttttg 
gtgacctacc 
cgagccctga 
gtcacccccc 
caggaggttt 
gtcagcgccc 
ggctacccca 
getctgeaga 



gccccgaggt 
tccgcgcccc 
ctggactgct 
gagcgatggt 
atttaaatga 
acatcccaca 
tgtcaccggc 
aggacgagca 
tgagcgttga 
cccacagccc 
ggcccaacgt 
atgacaccgt 



tgctcctctc 
gaggtctccg 
cttcctgctc 
aggcagegae 
tgtttacgta 
gaacagctcc 
eggcatgetg 
gaagtttcac 
ggttacactg 
ctcccaggat 
gtactggatc 
cttcttgaac 



cgaggtctcc 
cggcccgagg 
ttcagcagcc 
gtggagctca 
tattggcaaa 
ttggaaaacg 
eggggegact 
tgcctggtgt 
catgtggcag 
gagctcacct 
aataagaegg 
atgegggget 



cgcggcccaa 
tctccgcccg 
ttcgagctga 
getgegcttg 
ccagtgagtc 
tggacagccg 
tctccctgcg 
tgagecaate 
caaacttcag 
tcacgtgtac 
acaacagcct 
tgtatgacgt 
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721 ggtcagcgtg ctgaggatcg cacggacccc cagcgtgaac attggctgct gcatagagaa 
781 cgtgcttctg cagcagaacc tgactgtcgg cagccagaca ggaaatgaca tcggagagag 
841 agacaagatc acagagaatc cagtcagtac cggcgagaaa aacgcggcca cgtggagcat 
901 cctggctgtc ctgtgcctgc ttgtggtcgt ggcggtggcc ataggctggg tgtgcaggga 
961 ccgatgcctc caacacagct atgcaggtgc ctgggctgtg agtccggaga cagagctcac 
1021 tggccacgtt tgaccggagc tcaccgccca gagcgtggac agggcttcca tgagacgcca 
1081 ccgtgagagg ccaggtggca gcttgagcat ggactcccag actgcagggg agcacttggg 
1141 gcagccccca gaaggaccac tgctggatcc cagggagaac ctgctggcgt tggctgtgat 
1201 cctggaatga ggccctttca aaagcgtcat ccacaccaaa ggcaaatgtc cccaagtgag 
1261 tgggctcccc gctgtcactg ccagtcaccc acaggaaggg actggtgatg ggctgtctct 
1321 acccggagcg tgcgggattc agcaccaggc tcttcccagt accccagacc cactgtgggt 
1381 cttcccgtgg gatgcgggat cctgagaccg aagggtgttt ggtttaaaaa gaagactggg 
1441 cgtccgctct tccaggacgg cctctgtgct gctggggtca cgcgaggctg tttgcagggg 
1501 acacggtcac aggagctctt ctgccctgaa cgcttccaac ctgctccggc cggaagccac 
1561 aggacccact ca 
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